Results -A two allele polymorphism (2-3 kb and 2-1 kb) of the P2ADR gene was detected in the Japanese population. Family members without allele 2-3 kb (homozygote of allele 2l pkb) had lower airways responses to inhaled salbutamol than those with allele 2-3 kb. The incidence of asthma was higher in those without allele 2-3 kb than in those with allele 2 3 kb. The P2ADR gene RFLP had no relation to airways responses to methacholine and atopic status. cAMP responses in peripheral mononuclear cells of the subjects without allele 2-3kb tended to be lower than those ofthe subjects with allele 2*3 kb. This locus is close to the locus called "5q cluster" in which the genes for IL-3, IL-4, IL-5, and granulocyte-macrophage colony stimulating factor (GM-CSF) are located. In addition, DNA polymorphism of the P2ADR with Ban-I digestion has been examined and a two allele polymorphism has been reported in 20 unrelated white people in North America.'2
recently been isolated and sequenced. In addition, a two allele polymorphism ofthis receptor gene has been identified in white people. A study was carried out to determine whether this polymorphism is functionally important and has anyrelation to airways responsiveness, atopy, or asthma. Methods -The subjects studied were 58 family members of four patients with atopic asthma. Restriction fragmentlength polymorphism (RFLP) with Ban-I digestion of the P2ADR gene was detected by a specific DNA probe with Southern blot analysis. Airways responses to inhaled methacholine and the P2 agonist salbutamol, the skin prick test, and serum IgE levels were also examined and correlated to the P2ADR gene RFLP. In addition, measurements of cAMP responses to isoproterenol in peripheral mononuclear cells were performed in 22 healthy subjects whose genotype for P2ADR was known.
Results -A two allele polymorphism (2-3 kb and 2-1 kb) of the P2ADR gene was detected in the Japanese population. Family members without allele 2-3 kb (homozygote of allele 2l pkb) had lower airways responses to inhaled salbutamol than those with allele 2-3 kb. The incidence of asthma was higher in those without allele 2-3 kb than in those with allele 2 5.911 This locus is close to the locus called "5q cluster" in which the genes for IL-3, IL-4, IL-5, and granulocyte-macrophage colony stimulating factor (GM-CSF) are located. In addition, DNA polymorphism of the P2ADR with Ban-I digestion has been examined and a two allele polymorphism has been reported in 20 unrelated white people in North America. '2 We have therefore examined the 12ADR gene restriction fragment length polymorphism (RFLP) in a Japanese population of 58 family members of four atopic asthmatic patients and investigated the relation to atopic state, nonspecific bronchial hyperresponsiveness to methacholine, airways responses to a 12 agonist, and the incidence of physician diagnosed asthma.
Methods

SUBJECT SELECTION
A total of 58 subjects, family members of four patients with bronchial asthma, were examined. They comprised three generations with 17, 12, 13, and 16 subjects from each family. The average age of the subjects was 34 years (range 7-80). The families were studied from June to August 1990 and no members were diagnosed as having a bronchial infection within two weeks of the investigation. All investigations were performed in the morning. The criteria for the diagnosis of asthma were cough, dyspnoea, wheeze on chest auscultation, and an improvement in forced expiratory volume in one second (FEVI) by an increment of 20% or more after administration of aerosol bronchodilator or other asthma treatment.
QUESTIONNAIRE
The subject's clinical history was taken by a physician who used a modified form of the American Thoracic Society respiratory questionnaire'3 which included a full history related to respiratory diseases. They were also asked about seasonal variations and the frequency of the symptoms, precipitants such as dust exposure, exercise, cold air and infections, and whether their symptoms had been diagnosed as bronchial asthma by a doctor. The subject's smoking history was recorded. EXAMINATION (Chest, Japan) developed by Takishima et al. 4 Briefly, aerosols of methacholine in doubling concentrations (0-049-100 mg/ml) were continuously inhaled through the mouth by tidal breathing for one minute each. The aerosol was generated by a micronebuliser (Bird) with an output of 0a 15 ml/min, and the size of particles ranged from 0-5 to 4-0 0pm. Bronchial responsiveness was measured from the change in respiratory resistance (Rrs, cm H20/l/s) obtained by the forced oscillation technique. As shown in fig 1, Rrs was continuously and simultaneously measured during inhalation of the aerosols. When Rrs reached twice the initial value a bronchodilator aerosol (2% salbutamol) was inhaled for four minutes. Rrs was also measured continuously during this period. All the subjects were examined during quiet breathing.
The cumulative methacholine dose required to reduce respiratory conductance (Grs = 1/ Rrs, 1/s/cm H20) by 35% of the baseline value (PD35) was determined. PD35 was calculated in terms of a unit (U) defined as one minute inhalation of 1 mg/ml methacholine. The PD35 determined by this method has a good correlation with the PD35 determined by measurement of airways resistance (Raw) by body plethysmography. 15 The log(PD35) of 32 normal volunteers (average age 32 years) was also determined by the same method. Family members whose log(PD35) was less than the mean -2SD of that in normal volunteers (<1-39 U) were considered as having airways hyperresponsiveness to methacholine. 1/s/cm H20, respectively) were considered as having airways hyporesponsiveness to a j agonist. When functional antagonism was considered it is possible that the greater the methacholine response, the less the salbutamol response. To eliminate this we also calculated a value in which P-SGrs was divided by the minimum Grs value (Grs, min) just before salbutamol was inhaled [P-SGrs/Grs, min (1/ min) ].
DNA EXTRACTION AND HYBRIDISATION
High molecular weight DNA was extracted from peripheral blood leucocytes by the standard phenol extraction method,'6 digested with the restriction endonuclease Ban-I (Toyobo), electrophoresed in 0-7% agarose horizontal gel for 24 hours, and transferred onto nylon membrane (Hybond N+, Amersham, UK) by Southern blot. The membrane was hybridised in a mixture of 50% formamide, 0-1% Denhart's solution, 5 x SSPE (3 75 mol NaCl, 1 0 mol NaH2PO4, 0 1 mol EDTA, pH 7 homozygote, allele 2 1 kb and 2 3kb heterozygote, and 2-3 kb homozygote, respectively). "mi", "s", and "a"= phenotypes of hyperresponsiveness to methacholine and hyporesponsiveness to salbutamol and asthma, respectively.
"nd"=subjects whose airway responses were not determined. Figure 3 shows the segregation of airways responsiveness to methacholine and RFLP of the M3ADR gene in one of the four families studied.
In each of the four extended families the transmission of hyperresponsiveness to methacholine occurred vertically. The number of positive lod scores in any of the families. When the recombinant fraction 0 is 0 the lod score is less than -30. We also evaluated the lod score under an autosomal dominant mode ofputative bronchial hyperresponsive gene frequency from 10% to 40% but could find no linkage in any family using this model. We also performed a linkage analysis between the 132ADR gene RFLP and atopy but no significant positive lod scores were found in any of the families. Figure 2 also shows the segregation of the airway responsiveness to P2 agonist (abs-13-Grs) and RFLP of the M2ADR gene in our families.
In four families the mode of inheritance was compatible with autosomal recessive mode. Figure 4 shows the results of linkage analysis. We set the frequency of the alleles to 40% and 60% for alleles 2-3 kb and 2 1 kb, respectively, and assumed an autosomal recessive mode of inheritance with 10% putative bronchial hyporesponsive gene frequency and 98% penetrance for heterozygotes. When the recombinant fraction 0 is 0 the lod score is 04. Although the lod score was positive, it was not statistically significant. Figure 6 shows the relation between the presence of allele 2-3 kb and abs-[-Grs. Subjects without allele 2-3 kb also had significantly smaller abs-1-Grs values than those with allele 2-3 kb (0-049 (0-01) and 0-095 (0-01), respectively, p<0 05). Even after the elimination from the analysis of five asthmatic subjects who received regular [ stimulant treatment the result was the same Table 2 shows the relation between the existence of allele 2-3kb and the frequency of ;~~p hysician diagnosed asthma. In the 16 subjects without allele 2-3 kb seven (43-8%) had bronchial asthma. On the other hand, only five of the 42 subjects (11.9%) with allele 2-3 kb had Allele 2.3 kb(+) bronchial asthma. The incidence of bronchial asthma in the subjects without allele 2-3 kb was nd airways significantly higher than that in the subjects ) Subjects without smaller abs-f1-Grs with allele 2-3kb (x2=6X89) p<0.0l). In ad-=34) (mean (SE) dition, 11 of 16 (68-8%) subjects without allele tively, p<0-05).
ASSOCIATION BETWEEN ALLELES AND PARAMETERS OF AIRWAYS RESPONSIVENESS TO
2-3 kb had experience of wheeze but only 13 of 42 (31.0%) subjects with allele 2-3 kb had experienced it. The incidence of wheeze in subjects without allele 2-3 kb was also sig-1-55 (0-17) U nificantly higher than that in the subjects with d those without allele 2-3 kb (X2'=6-821 p<0Q01).
cAMP RESPONSES IN PERIPHERAL MONONUCLEAR CELLS
Eight subjects were without allele 2-3 kb (homozygotes for allele 2-1 kb) and 14 were with allele 2-3 kb (five homozygotes for allele 2-3 kb and nine heterozygotes for allele 2-1 kb and 2-3 kb). The results are shown in fig 7. Baseline cAMP levels/106 mononuclear cells were 39-2 (3-6) pmol and 50-3 (6-5) pmol, respectively for the subjects without and with allele 2-3 kb (no significant difference). However, in terms ofmaximum response, cAMP levels were 101 -3 (12-1) pmol and 133-6 (13-1) pmol for the subjects without and with allele 2-3 kb, respectively, which showed borderline significance (p<0 06).
Discussion
Previous studies have suggested a genetic predisposition to the development of bronchial asthma. Familial aggregation and the concurrent presence of atopy and bronchial asthma in identical twins have been reported.'920 In addition, Longo et al2 reported a bimodal distribution of bronchial hyperreactivity, suggesting that there may be two phenotypes for bronchial hyperresponsiveness, thereby supporting the theory that this is, to some extent, controlled genetically.
Abnormal [ adrenergic function seen in asthmatic subjects has been investigated as a factor relating to bronchial asthma and airways hyperresponsiveness. Several studies have shown that However, this study shows that this polymorphism may have a significant relation to airways responses to inhaled P2 agonists. When the recombination fraction 0 is 0, the lod score is 0 4 (fig 4) and no significant linkage could be found. However, the lod score for the airways 3 kb(-), n=8 responsiveness to a 12 agonist was positive, 3 kb(+), n=14
suggesting that more families need to be studied before a conclusion can be made as to whether 3 kb (fig 7) . In addition, the incidence of physician diagnosed asthma and the number of subjects who had experienced wheeze were significantly higher among those without allele [2] [3] 
